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Introduction
Peripheral intravenous catheters deliver intravascular fluids and medications to hospitalised patients on a short-term basis. They are the most common medical device with up to 70% of inpatients requiring one or more during their hospital stay (1) . Despite their importance and widespread use, up to 69% are removed before therapy is complete, due to dislodgement, phlebitis, occlusion, infiltration or infection (2) (3) (4) (5) (6) . Catheter failure is an under-recognised patient safety issue and, as a result, is under-resourced. With over 2 billion peripheral intravenous catheters used globally each year, the impact of catheter failure on patients and healthcare organisations is substantial, and includes treatment delay; potentially avoidable pain and distress; increased morbidity from complications; and increased workloads and health care costs (7) .
Effective catheter dressing and securement is a key nurse-led strategy to reduce complications and failure, but remains under-investigated. Optimal dressings and securements reduce complications by 1) anchoring the catheter to the skin, maintaining position in the vessel (8) ; 2) reducing micromotion of the catheter, thereby minimising vessel wall irritation, thrombosis and occlusion, and entry of skin bacteria into the insertion wound (9) (10) (11) (12) (13) and 3) providing a physical barrier between the insertion site and environment, thus reducing microbial colonisation (14) . Significantly more adverse events are experienced by patients with unclean dressings and poorly secured catheters (15) . Furthermore, dressing disruption, due to poor durability and/or soiling, substantially increases the risk of catheter-related bloodstream infection (16) . Evidence guiding clinicians on the most effective dressing and securement methods to prevent catheter failure and resultant patient harm is lacking (8) , with a recent Cochrane review identifying a paucity of high-quality evidence informing practice and, hence, uncertainty remains (8) .
Dressing and securement choice is a modifiable risk factor for catheter complications, and recent data indicates more than one fifth of dressings are soiled, wet and/or loose (17) . Therefore, further examination of a large global data set of catheter insertion, management practices and outcomes (17) may assist in identifying which particular dressing and securement approaches modifies this risk. In this secondary data analysis, we sought to: describe global catheter dressing and securement practices and policy; investigate the relationship between cathetercomplications and insertion site dressings or securements; and identify risk factors associated with suboptimal catheter dressings. In doing so, we aim to inform clinical practice and guideline development, and generate robust hypotheses amenable to future interventional testing.
Materials and Methods

Study design and participants
We conducted a secondary analysis of data from a global cross-sectional study of adult and paediatric inpatients conducted between 1 June 2014 and 31 July 2015 (17) . This study described peripheral intravenous catheter characteristics, insertion details, management practices and device outcomes. Ethical approval was gained from the Griffith University Human Research Ethics Committee (NRS/34/13/HREC). For each participating site, ethics committee or institutional review board approval was required prior to data collection. All patients with a catheter in situ on the study day and able to provide verbal consent were included.
Data were collected at both an individual hospital level (e.g. guidelines), and catheter level (e.g. device type), on purpose-designed data collection forms which had previously been internally and externally validated in a pilot study conducted in 13 countries (18) . Internal validity testing of the data tools was initially undertaken amongst the authors of the pilot study and again once the pilot study results were reviewed. To strengthen reliability, data at each site was collected by medical or nursing staff who had previous experience with peripheral catheter site assessment and had been provided education on the study protocol and data collection forms. Additionally, after cleaning and collation, the collected data were returned to each participating site to confirm accuracy.
The secondary data analysis focused on dressing and securement data. Patient-, catheter-, and institution-related factors that could be associated with catheter and dressing complications were chosen a priori and subsequently extracted ( Table 1 ). The selection of these factors was based on previous literature (15, (19) (20) (21) and international clinical practice guidelines (11, (22) (23) (24) . Additionally, world regions were based on the United Nations geopolitical groupings (25) as well as World Health Organisation regional groupings (26) Some regions were broken down further (for example, the Pacific region into South Pacific, and Australia and New Zealand) due to the significant disparity of economic development amongst the countries within that region. It also helped to better describe variable characteristics as some countries contributed numerous hospitals and some only one. Each country was also classified according to the World Bank economic regions (27) . The outcomes of interest in this analysis were: variations in global catheter dressing and securement practice and policy; site complications, defined by one or more of the signs or symptoms listed in Table 1 ; and suboptimal dressing integrity, defined as dressings which were wet, loose and/or soiled.
Patient-related factors
Peripheral intravenous catheter-related factors
Supplementary Table 1 details the potential predictors analysed by outcome of interest.
Additionally, four dressing and securement combinations commonly seen in clinical practice were formulated a priori ensuring compliance with current best practice guidelines and were analysed to determine any association with the outcomes of interest: (28) .
Statistical analysis
Data management and analyses were performed using STATA (version 15.1, StataCorp, College Station, Texas). Relevant fields were extracted from the parent data set, and further data cleaning was performed as appropriate. The cohort's demographic and clinical characteristics were reported descriptively, appropriate to their distribution. Associations between peripheral intravenous catheter complications and dressing/securement type (excluding their combinations) were explored using univariable logistic regression; for associations between complications and dressing and securement combinations we used multivariable logistic regression, where the effects of potential patient-related predictors were tested (using the less than ± 10% change in effect size rule) (29) . The associations between sub-optimal dressing integrity and patient-, catheter-, and institution-related factors were explored using univariable logistic regression. Results of logistic regressions were presented with odds ratios and 95% confidence intervals. The statistical significance level (p<0.05)
was not adjusted for multiple comparisons, due to the exploratory nature of the research questions.
Imputation for missing data was deemed not appropriate due to its non-random nature. The impact of individual catheter dressings and securements on the outcomes of complications and dressing integrity were also viewed in terms of clinical significance by way of an a priori minimally important difference set at 5%, a level which the investigators believe would be of benefit to patients with peripherally inserted catheters.
Results
For this secondary data analysis we included 407 rural, regional and metropolitan hospitals in 51 countries providing data on 40,637 peripheral intravenous catheters. was the second most used dressing (n = 3,475, 33% of regional usage; and n=747, 31% of regional usage, respectively). Sterile gauze and tape dressings made up only 6% of global dressing usage, and were most commonly used in the South Pacific, Middle East and Europe. The use of chlorhexidine gluconate dressings or discs was limited (0.2% of global cathetersdressings).
The most common methods of catheter securement globally were sterile tape around the catheter hub (n=9938, 27%) and/or non-sterile tape over the primary dressing (n=9,243, 25%). In Australia/New Zealand and the Middle East, sterile tape around the hub secured almost half of the catheters (47% and 46% respectively). Insertion site sutureless securement devices were more popular in North American hospitals (n=1,084, 22%), compared with global usage of only 10% (n=3,699). One in five catheters globally were secured with non-sterile tape around the catheter hub, a practice more prevalent in Asian hospitals with almost half secured in this way (n=4,259, 46%). Splints, bandages or tubular nets were used to cover 14% of catheters (n=5087), more commonly in Europe and the South Pacific (n=3,262, 28%; and n=33, 26%, respectively). The primary dressing was the only securement method in 17% (n=6,205) of catheters globally.
Hospitals in low-income regions were less likely to use polyurethane dressings, particularly bordered dressings, than middle-to high-income countries (low income regions: n=125, 7% of regional dressing use, versus high income countries: n=7,593, 29% of regional use). Low-income countries were 18 times more likely to use non-sterile tapes as primary dressings, than high-income countries (55% of regional securement use; versus 3%). Similarly, non-sterile tape around the catheter hub was uncommon in high-income regions (n=2,667, 11%), compared with over half of all catheter secured this way (n=890, 51%) in low income regions.
Non-sterile tape as securement around the catheter hub was also common in paediatric patients with nearly one third secured in this way (n=1,216, 31% of paediatric securement use) compared with only one fifth of catheters in adult patients (n=6,053, 19%). Paediatric patients were also more likely than adult patients to have tape alone securing their catheter (n=939, 22%; versus n=3,904, 11%, respectively) and also have a splint and/or bandage covering the catheter (n=1,258, 33%;
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Most participating hospitals had peripheral intravenous catheter insertion and maintenance guidelines for staff responsible for catheter care (95%, 375 hospitals) and 80% of these guidelines included a recommendation regarding frequency of dressing change (Supplementary Table 2 ).
Nearly half of the guidelines recommended catheter dressings be changed as required (47%, 158 sites) rather than at a prescribed frequency. The next most frequent recommendation was to change catheter dressings every 72 hours and as required (19%, 65 sites) and 96 hours and as required (14%, 47 sites). Global recommendations regarding frequency of dressing change were fairly similar however hospital guidelines in Australia and New Zealand were more likely to recommend 72 hourly and as required changes than any other region.
Frequencies and row percentages (%) shown. Not all sites stating they had a guideline provided an answer regarding dressing change frequency.
Associations between dressing and securement products and peripheral intravenous catheter site complications
The overall prevalence of catheter site complications was 16% (n=6503). Signs of phlebitis were the most prevalent, with pain or tenderness observed in 8% of catheters assessed (n=3148), and redness and swelling evident in 2% (n=849) and 1.5% (n=590) respectively. To assess the clinical significance of the association between dressing and securement products and site complications, overall complication rates were calculated by dressing and securement type.
Gauze and tape dressings met the 5% minimally important difference limit, and were associated with a 7% reduction in site complications. The use of non-sterile tape as a dressing was associated with an increase in insertion site complications by 10%. No other dressing or securement type met the 5% minimally important difference limit.
Three of the four dressing and securement combinations were significantly associated with decreased catheter site complications compared with the reference combination (simple polyurethane plus non-sterile tape over the dressing). A sterile gauze and tape dressing used in conjunction with tapes or a tubular bandage was the least likely to be associated with site complications adjusted odds ratio 0.55, 95% confidence interval 0.44-0.68); with a transparent dressing (either simple or non bordered) plus sterile tape around the catheter hub (adjusted odds ratio 0.71, 95% confidence interval 0.62-0.81) or a insertion site sutureless securement device (adjusted odds ratio 0.57, 95% confidence interval 0.48-0.69) also significantly associated with fewer site complications. Specifically, these dressings and securement combinations were associated with fewer phlebitis symptoms; and less bruising and dried blood around the insertion site. Variation existed in dressing and securement practice globally. Transparent polyurethane dressings were the most frequent method to cover peripheral catheters yet low income regions used them least, choosing to use non-sterile tape only to secure the catheter, a decision likely driven by cost.
Discussion
However, paediatric patients were twice as likely to have non-sterile tape securing their catheter compared with adult patients, exposing this population to increased risk of infection (30) . The use of chlorhexidine gluconate-impregnated products, shown to reduce catheter-related bloodstream infections in central venous access devices (31), was very low with only 0.2% of catheters dressed with these dressings. Clinical practice variation across the 51 countries providing data to this analysis may reflect the lack of robust evidence-based recommendations informing peripheral intravenous catheter dressing and securement international guidelines (11, (22) (23) (24) . Further high quality research testing is urgently needed to inform safe and effective practice globally.
Given the relatively short median dwell time (1.5 days, interquartile range 1-2.5) of the catheters analysed, a concerning number of complications were identified (16%) with phlebitis symptoms noted in 11.5% of catheters. The application of non-sterile tape in direct contact with the catheter insertion wound was a likely contributing factor to these complications. This practice resulted in: 4fold higher odds of pain and tenderness at the insertion site, the development of a palpable vein cord, and the presence of a streak or red line along the vein; and double the odds of insertion site swelling. Non-sterile tape is a vector for microorganisms (30, 32, 33) , substantially increasing risk of insertion site and bloodstream infection. Alarmingly, 1 in 10 catheters in this study was covered with non-sterile tape alone, and 1 in 5 was secured with non-sterile tape under the primary dressing, practices more widespread in paediatric settings and lower income countries. While non-sterile tape is attractively cheaper, the potential harm imposed on patients by this practice outweighs any shortterm economic advantage. Placing non-sterile tape at the insertion site is at odds with current global clinical practice guidelines (11, (22) (23) (24) and should not be a part of modern evidenced-based nursing practice.
Dressings and securements associated with fewer peripheral intravenous catheter site complications were simple polyurethane dressings, sterile gauze and tape dressings, an insertion site sutureless securement device, and an administration set securement device. A recent randomised controlled trial found simple polyurethane dressings to be as effective as other more advanced dressing and securement types, and considerably less expensive (34) . Therefore, simple polyurethane is a viable catheter site dressing option, in the absence of evidence regarding a superior alternative. Whilst only used for a small proportion of catheters (6%), sterile gauze and tape dressings were associated with fewer site complications and better dressing integrity than any other dressing or securement product analysed in this study. Early studies found sterile gauze and tape at least as effective as transparent dressings in preventing infection (35, 36) however no recent randomised controlled trial have assessed its clinical-or cost-effectiveness compared to more contemporary dressing and securement options. Importantly though, the lower rate of site complications observed with gauze and tape dressings may be due to assessors' inability to visualise complications (particularly redness, swelling, bruising, and itch/rash under the dressing) as the insertion site and surrounding area was obscured by the opaque dressing. Global practice guidelines (11, (22) (23) (24) advocate insertion site visualisation so clinicians can easily observe, detect and act on complications early. Testing of this dressing type in a rigorous study would require frequent dressing changes (i.e. at least second daily), particularly in patients who cannot indicate pain or tenderness at the insertion site which is an early and reliable sign of phlebitis (37, 38) .
Of concern, one in five of the included catheters was covered with a dressing which was damp, soiled and/or loose. Ensuring clean, dry and intact catheter dressings assists in preventing complications by maintaining sterility underneath the dressing, as well as catheter securement to prevent micro-motion or pistoning (39, 40) . There is clearly an opportunity for practice improvement though education regarding the importance of optimal dressing integrity and the role it plays in ensuring safe care for patients with peripheral intravenous catheters. A number of modifiable factors were associated with poor dressing integrity. Non-sterile tape as a method of dressing and/or securement was associated with poorer dressing integrity and should not be used.
Documentation of insertion site assessment less often than once per day, an institution-related factor affecting care, was strongly associated with suboptimal dressing integrity. Furthermore, the presence of a hospital guideline regarding catheter maintenance and care and, more specifically, one which advocates site assessment more frequently than once per shift (i.e. more than every 8-12
hours) was significantly associated with better dressing integrity. This finding highlights the importance of regular catheter assessment by nurses, particularly with a validated evidence-based tool which prompts timely removal and identification of complications (41) .
Peripheral intravenous catheters inserted by a vascular access specialist were less likely to have soiled or damaged dressings. There is emerging evidence regarding the benefits of catheter insertion by a specialist in achieving first insertion attempt success and preventing catheter failure (42) and our findings confirm that investment by hospitals in such a service improves patient safety by reducing dressing complications, and ultimately complications overall. Dressings were more likely to be clean, dry and intact if the catheter was routinely replaced (that is, when not clinically indicated, most commonly at 72 hours) rather than replaced when clinically indicated (5) . This suggests that in hospitals which replace catheters when clinically indicated, rather than routinely, local guidelines should emphasize that dressings too should be changed when clinically indicated (when soiled, wet or loose). Conversely, catheters inserted in the ambulance setting or emergency department were associated with poorer dressing integrity, echoing the findings of a previous study (20) and likely reflecting the emergent nature of insertion. Efforts to improve dressing integrity and durability should, where possible, begin in the pre-hospital and emergency settings to prevent subsequent catheter complications.
The poor durability of current peripheral dressing regimes is supported by data that demonstrates that up to two-thirds require additional reinforcement to prolong longevity (20, 34) . However, the use of tapes and additional securements may mitigate some of the frequently experienced complications which ultimately lead to catheter failure (15, 20) . A recent study has shown that any additional reinforcement to the primary PIVC dressing was significantly associated with less occlusion, phlebitis and dislodgement, regardless of this being tape, secondary dressings or bandages/splints (20) . Three of the four dressing and securement bundles tested in our study were significantly associated with fewer insertion site complications, particularly phlebitis symptoms; and two of the four were associated with less disruption to dressing integrity. In addition to existing evidence (15, 20) , this finding provides further support that a bundled approach to dressing and securement may be worthy of testing in a randomised study. Indeed, a recent 4-arm randomised controlled trial which failed to establish a superior peripheral intravenous catheter dressing and securement method recommended that multiproduct dressing and securement combinations (securement bundles) should be assessed for their effect on catheter failure rates (34) . Vascular access device insertion and maintenance bundles are effective in reducing catheter-related bloodstream infection and phlebitis (43) (44) (45) . A bundled securement intervention could be a simple and inexpensive method of enhancing dressing durability and reducing catheter failure, but requires testing to determine clinical-and cost-effectiveness.
Despite the data from this analysis being sourced from the largest prospectively-collected data set of peripheral intravenous catheter insertion and maintenance practices and catheter site outcomes, there are limitations. Firstly, the cross-sectional study design of the parent study (17) and the collection of data at one time point only did not allow for follow-up on outcomes therefore catheter site outcomes are limited to those seen on the data collection day. Secondly, causality for outcomes cannot be determined in a cross-sectional study. Thirdly, despite enrolling sites from 51 countries from a mix of metropolitan, regional and remote settings, the study cohort may not be truly representative of global population of hospitalised patients with a catheter in situ.
Conclusion
Many peripheral intravenous catheters had complications present, in addition to suboptimal dressings. Non-sterile tape use at the insertion site was identified as a risk factor for catheter insertion site and dressing complications and this practice should not occur. Sterile gauze and tape dressings, securement devices, catheter insertion by a vascular access specialist, and the presence of hospital catheter guidelines were among factors found to be protective of complications. The concept of peripheral intravenous catheter dressing and securement bundles appears promising but requires rigorous testing to determine their impact on failure rates which continue to be an underrecognised cause of significant patient harm.
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